Abstract Torque teno virus (TTV) is prevalent worldwide in general populations but at present is not related with any specific pathology. Its presence in faeces and its remarkable environmental stability suggest the possibility of using it as an indicator of faecal contamination in the environment. To evaluate the waterborne spread of TTV and its possible relationship with human pathogen enteric viruses, water samples were collected monthly for a year (May 2004 -April 2005) from a river receiving the effluent of the treatment plant of the city of Pisa, concentrated and assayed with bimolecular tests (PCR, RT-PCR). TTV was detected in three samples (25%) while 16% of samples were positive for enteroviruses, 33% for rotaviruses, 8% for noroviruses genotype 1 and 25% for noroviruses genotype 2. Only two TTV samples (June and January) were also positive for rotavirus and norovirus, respectively. The detection of TTV in water confirmed its possible faecal-oral route of transmission but data are still insufficient to draw conclusions about the role of TTV as a viral indicator.
Introduction
Torque teno virus (TTV) was first isolated in 1997 in a Japanese patient with post-transfusion hepatitis of unknown aetiology. It is a non-envelope virus, diameter of 30-32 nm and has a single-stranded circular DNA. TTV is classified in the genus Anellovirus and divided into five phylogenetic groups consisting of more than 30 genotypes (Peng et al., 2002) . It is present worldwide in the general population, for example blood donors, with a prevalence of 40 -90% (Bendinelli et al., 2001) . TTV was originally suspected to cause hepatitis but recent studies have indicated that it may not cause serious health problems; at the present time it is not related to any specific pathology. The many asymptomatic infected subjects have contributed to the hypothesis that the virus could represent a normal saprophytic agent of the human flora (Griffiths, 1999) .
TTV-DNA has been found in plasma saliva, nasal and pharyngeal swabs, maternal milk and faeces of virus-infected subjects. Faecal shedding has also been documented by electronic microscopy suggesting that the faecal-oral route could be a possible mode of transmission (Okamoto et al., 1999) . Moreover TTV has a relevant environmental resistance: epidemiological studies on haemophilic patients showed that the infectiousness did not completely disappear after treatment with dry heat at 65 8C during 96 h (Takayama et al., 1999) . TTV is a stable virus, similar to parvoviruses which are used as sterility indicators in blood by-products (0.16% parvovirus prevalence among donors). TTV ubiquity and its remarkable resistance suggest its possible use as an indicator of viral contamination in environmental samples such as river water.
In order to clarify this possible role of TTV, it is important to collect as much information as possible on the occurrence of the virus in the environment. In this study, to evaluate the relationship with human enteric pathogenic viruses, water samples were collected monthly for one year (May 2004 -April 2005 ) from a river receiving the effluent of a treatment plant, and analysed to detect TTV, enterovirus, adenovirus, rotavirus, norovirus (genotypes 1 and 2) and HAV.
Materials and methods
From May 2004 to April 2005, water samples were collected from a river (Fiume Morto) receiving the effluent of the Pisa treatment plant. The samples were concentrated from 10 to 50 mL using two-stage tangential-flow ultrafiltration, then decontaminated with chloroform. Viral nucleic acids were extracted from 200 mL of the concentrate using the QIAamp DNA kit (Qiagen-Germany) and from 140 mL using QIAamp RNA mini kit (QiagenGermany) (manufacturer's protocols). These methods had been tested and adapted to environmental samples previously (Casini et al., 2004) . The extracted nucleic acids were assayed by biomolecular test (nested RT-PCR and nested PCR) to reveal the genome presence of enterovirus, rotavirus, norovirus genotypes 1 and 2, hepatovirus (HAV) and adenovirus (according to protocols described by Casini et al., 2004) (Figure 1 ).
For TTV PCR the technique was adapted to our experimental conditions: 7 mL of extracted DNA was mixed with 45 mL reaction buffer (50 mM KCl, 0.1% Triton-X-100, 10 mM Tris-HCl pH 8.8, 2 mg/mL BSA, 3.5 mM MgCl 2 , 0.2 mM of each dNTPs, 2 U Taq Polimerase (Promega), 25 pmol of each primer NG133 (5 0 -GTA AGT GCA CTT CCG AAT GGC TGA G-3 0 ) and NG147 (5 0 -GCC AGT CCC GAG CCC GAA TTG CC-3 0 ).
Subsequently, the mixture was added to a microplate well (iCycler system; BioRad) and incubated at 95 8C (9 min), followed by 35 cycles at 95 8C (30 sec), 60 8C (30 sec) and Table 1 ) confirming the faecal-oral route of transmission. The positive samples corresponded to three different strains: TCHN-G2, TCHN-A and TCHN-E; these data confirmed the variability of TTV and the high number of genotypes in the world evidenced by phylogenetic analysis of the entire genome (Figure 2 ). TTV had been successfully detected in 13% (8/63) and 2% (1/48) of influent and effluent samples, respectively, from a wastewater treatment plant in India (Vaidya et al., 2002) and in 97% (93/96) of influent samples, 18% (17/96) of secondary effluent samples before chlorination and 24% (23/95) of final effluent samples after chlorination (Haramoto et al., 2005b) . Moreover, the virus was found in 8% (9/113) of shellfish samples in Norway (Myrmel et al., 2004) . River water was also contaminated by human enteric viruses. At least one of the viruses under investigation was detected in eight samples. Rotaviruses were found in four samples ( April 2005) . This result was in accord with the large diffusion of rotaviruses group A that represents 95% of isolates worldwide (Kapikian et al., 2001) . Enteroviruses were found in 16% (2/12) of river samples and identified as human enterovirus 90 in January 2005 and human Coxsackievirus A1 in February 2005. Moreover, in the same period, the water was positive for noroviruses: NLV genotype 1 was identified in one sample (8%) in January, NLV genotype 2 in three samples (December, February and March) . No samples were found positive for HAV and adenoviruses.
According to these results the TTV as a viral indicator was not confirmed because of limited association with other pathogenic viruses, in fact only in two months was there simultaneous detection of other viruses (rotavirus -June 2004; norovirus g2 -March 2005) . However, the possible relation between TTV presence and norovirus has been found in a recent work in Japanese river water samples where 3/64 samples positive for TTV (5%) corresponded to sites also positive for norovirus (Haramoto et al., 2005a) . Additionally, enteric viruses show a seasonal distribution (enterovirus and norovirus in winter months and rotavirus in spring-summer) while TTV was detected without any periodicity, as observed by others (Myrmel et al., 2004; Haramoto et al., 2005a) .
Conclusions
The data about environmental TTV occurrence are still limited and lack correlation with the presence of pathogenic enteric viruses. There is a need to improve the recovery and sensitivity of the analytical biomolecular sample concentration and purification methods.
